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Abstract: I examined the relationships among snow cover (api), l ichen abundance, and canopy composition on the range 
o f the Aikens Lake population o f woodland caribou (Rangifer tarandus caribou) i n southeastern Mani toba. Percent cover 
o f forage lichens (Cladina spp.) was positively correlated w i t h max imum total thickness and w i t h max imum vertical 
hardness o f api. M i x e d communities o f trembling aspen (Populus tremuloides), spruce (Picea spp.), and balsam fir (Abies 
balsamea) showed the most favourable nival conditions for caribou but had l o w lichen abundance; those dominated by 
jack pine (Pinus banksiana) were the converse. The results suggest an energetic compromise for woodland caribou when 
foraging for terrestrial lichens. D u r i n g winter, caribou exhibited significant selection for jack pine communities whereas 
mixed communities were avoided. 
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Introduction 
A p i ( snow o n the g round) a n d l ichens are perhaps 
the mos t salient habitat features that in f luence the 
b e h a v i o u r o f c a r i b o u (Rangifer tarandus) i n w i n t e r . 
C a r i b o u are w e l l - a d a p t e d to b o t h . T h e i r b r o a d 
hooves , l o w foot l o a d i n g , and s ingle-f i le m o d e o f 
t ravel are characteristics that qual i fy t h e m as c h i o -
noph i l e s (Russe l l & M a r t e l l , 1984) . D u r i n g w i n t e r , 
l i chens p r o v i d e a u n i q u e , h igh ly -d iges t ib l e energy 
source a n d are of ten e x p l o i t e d as a p r i n c i p a l forage 
( L u i c k , 1977; R u s s e l l & M a r t e U , 1984) . 
F o r Rangifer, ap i a n d hchens are o p p o s i n g e n t r i -
es o n the energet ic ba lance sheet: t r ave l l i ng o n a n d 
c ra te r ing t h r o u g h s n o w c o v e r are of ten energet ic 
inves tments for o b t a i n i n g terrestrial l i chens . R e c e n t 
studies have b e g u n to e x p l o r e these energet ic costs 
(Boert je , 1985 ; F a n c y & W h i t e , 1985 , 1987) a n d 
n u t r i t i o n a l benefits (Person et ai, 1980; T h o m a s et 
ah, 1984) bu t , as yet , w e k n o w l i t t le o f the associa-
t i o n b e t w e e n these 2 i m p o r t a n t range features. 
S u c h k n o w l e d g e seems fundamen ta l for m a n a g i n g 
habitat a n d m o d e l l i n g c a r i b o u fo rag ing b e h a v i o u r . 
H e r e , I e x a m i n e the re la t ionships b e t w e e n ap i c h a -
racteristics, l i c h e n abundance , a n d c a n o p y c o m p o -
s i t i o n o n the taiga range o f the A i k e n s L a k e p o p u -
l a t i o n o f w o o d l a n d c a r i b o u (R. t. caribou) i n 
M a n i t o b a . 
Materials and methods 
F i e l d invest igat ions w e r e c o n d u c t e d i n the v i c i n i t y 
o f T a i g a B i o l o g i c a l S ta t ion , W a l l a c e L a k e , i n sout -
heastern M a n i t o b a ( 5 1 ° 0 1 ' N , 9 5 ° 4 0 ' W ) . T h e s tudy 
area, part o f the N o r t h e r n C o n i f e r o u s S e c t i o n o f 
the B o r e a l Forest R e g i o n ( R o w e , 1972), was d o m i -
na ted b y P r e c a m b r i a n ou tc rops w i t h n u m e r o u s 
i n t e r v e n i n g bogs and smal l lakes. S a m p l i n g was 
based o n a map r ecogn i s ing 5 vege ta t ion c o m m u n i -
ties (Schaefer & Pru i t t , 1991): mature spruce b o g , 
j a c k p i n e forest, m i x e d coni fe rous forest, j a c k p i n e 
o u t c r o p w i t h i n t e r v e n i n g b l a c k spruce b o g , a n d 
m i x e d dec iduous forest. 
Overstorey and Lichen Abundance 
T r e e densi ty and l i c h e n coverage o f 5 vege ta t ion 
c o m m u n i t i e s , 90 - 160 years o f age, w e r e s ampled 
12 J u n e to 31 J u l y 1985 . D i sc r e t e areas o f habitat 
w i t h i n an accessible area w e r e selected r a n d o m l y . 
W i t h i n each discrete area, 2 s a m p l i n g sites w e r e 
p i c k e d r a n d o m l y w i t h a 1:15840 aerial p h o t o a n d a 
g r i d over lay o f po in t s 50 m apart. A t each site a 5 0 -
m transect was established. Its exact o r i g i n was 
d e t e r m i n e d b y the toss o f a stone, its o r i e n t a t i o n 
(nor th o r south) b y the toss o f a c o i n . A t 3 r a n d o m 
poin t s a l o n g the transect, a 5 0 - m b r a n c h transect 
was established w i t h a r a n d o m east o r west d i r e c t i -
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o n . T h e abundance o f l ichens o f the genus Cladina 
was est imated f r o m 6 quadrats, 20 c m x 50 c m , p l a -
c e d l o n g i t u d i n a l l y at r a n d o m 1 -m intervals a l o n g 
the b r a n c h transect; 6 discrete c o v e r classes, i .e . , 
<5%, 5 -25%, 2 5 - 5 0 % , 5 0 - 7 5 % , 7 5 - 9 5 % , > 9 5 % 
( D a u b e n m i r e , 1968) w e r e used. T h e m i d - p o i n t o f 
each c o v e r class was used i n the statistical analyses. 
T h e densi ty o f trees was d e t e r m i n e d at each quadrat 
b y t a l l y i n g i nd iv idua l s (> 2.5 m high) w i t h i n a p l o t 
o f radius 2.0 m . F o r analysis, each site was treated as 
an i n d i v i d u a l s a m p l i n g u n i t and was represented b y 
the average tree densi ty and l i c h e n coverage f r o m 
18 plots . 
T o display relat ionships b e t w e e n c a n o p y c o m -
p o s i t i o n and o ther habitat features, p r i n c i p a l c o m -
ponents analysis ( P C A ) was p e r f o r m e d us ing 
S P S S / P C + ( N o r u s i s , 1986) o n the densi ty o f tree 
species. T h e effectiveness o f P C A lies i n its ab i l i ty 
to reduce the n u m b e r o f d imens ions to display such 
m u l t i d i m e n s i o n a l data w h i l e r e t a in ing m u c h o f the 
o r i g i n a l i n f o r m a t i o n ( P i e l o u , 1984) . U s i n g P C A , 
therefore, densi ty data o f each o f 5 tree species 
(Pinus banksiana, Picea spp., Populus tremuloides, 
Betula papyrifera, and Abies balsamed) w e r e r e d u c e d 
to one axis, the largest p r i n c i p a l c o m p o n e n t (i.e., 
P C A axis 1). 
Api Conditions 
I restr icted the analysis to the t i m e w h e n api t h i c k -
ness and hardness w e r e m a x i m a l (early M a r c h ) i n 
1985 a n d 1986. I selected a 6 x 50 m site, represen-
tative o f each c o m m u n i t y type (Schaefer & P ru i t t , 
1991) , w h e r e api profi les w e r e p l aced haphazardly . 
I n each p ro f i l e , ve r t i ca l hardness (g-cnr 2 ) o f the sur-
Table 1. Correlations between density o f tree species, api 
characteristics, and l ichen abundance in the 
Wallace-Aikens lakes study area i n southeastern 
Manitoba, 1984-86. A l l correlations were signi-
ficant (Bonferonni-corrected P < 0.005). 
Jack pine Balsam fir A p i total A p i vertical 







A p i total 
thickness 
- 0.57 0.51 






" L ichen coverage is expressed as In (% cover o f Cladina 
spp. + 1). 
face layer, u s ing spr ing penet rometers , and total 
thickness (cm) w e r e r e c o r d e d (Prui t t , 1959) . D u r i n g 
1985 , 5 profi les w e r e taken per site; d u r i n g 1986, 4 
profi les w e r e taken . F o r each c o m m u n i t y type, the 
2-year averages o f m a x i m u m total thickness a n d 
m a x i m u m ver t i ca l hardness w e r e ex t rapola ted to all 
sites o f the same habitat type. T h e l ack o f i n d e p e n -
dence o f api observat ions means that such s a m p l i n g 
is pseudorep l i ca ted (Hur lbe r t , 1984) . H e n c e , alt-
h o u g h I used a B o n f e r o n n i - c o r r e c t e d a o f 0 .005 as 
an i n d i c a t i o n o f s ignif icant l inea r corre la t ions be t -
w e e n variables (Norus i s , 1986) , these statistical 
inferences s h o u l d be treated caut ious ly . 
Results 
A p i variables, c anopy c o m p o s i t i o n , and the a b u n -
dance o f Cladina l i chens w e r e in ter re la ted i n the 
study area (Table 1). M a x i m u m total thickness and 
m a x i m u m ver t i ca l hardness o f the api w e r e nega t i -
v e l y corre la ted w i t h the densi ty o f balsam fir (Abies 
balsamed) and p o s i t i v e l y cor re la ted w i t h that o f j a c k 
p i n e (Pinus banksiana). C o v e r a g e o f forage l ichens 
(Cladina spp.) was s imi la r ly related; m o r e l i c h e n was 
associated w i t h increased densi ty o f j a c k p i n e , less 
l i c h e n w i t h w i t h increased densi ty o f f i r . 
C o r r e s p o n d i n g l y , greater l i c h e n abundance was 
pos i t i ve ly cor re la ted w i t h b o t h harder a n d t h i c k e r 
api (Table 1). W e can c o m p a r e the extremes i n 
u p l a n d c o m m u n i t i e s : o n j a c k p i n e outcrops , w h e r e 
coverage o f Cladina spp. averaged 17%, api was 80 
g - cn r 2 (more than 100%) harder a n d almost 10 c m 
(32%) t h i c k e r than i n m i x e d coni ferous forests w h e -
re l i c h e n coverage was o n l y 1.5%. 
T h e first p r i n c i p a l c o m p o n e n t f r o m the o r d i n a -
t i o n o f overs torey species - t e n d i n g to separate sites 
d o m i n a t e d b y j a c k p i n e f r o m m i x e d stands o f b a l -
sam f i r , spruce (Picea spp.), and t r e m b l i n g aspen 
(Populus tremuloides) - a c c o u n t e d for 3 4 % o f the total 
va r i a t ion . W h e n p lo t t ed against Cladina spp. a b u n -
dance, the above in terre la t ionships can be v isual i sed 
(F ig . 1). T h e o r d i n a t i o n axis, w i t h m i x e d c o m m u -
nities (types 1, 3, and 5) t e n d i n g to the negat ive 
(left) e n d o f the axis and j a c k p i n e habitats (types 2 
and 4) to the pos i t ive (right) end , was pos i t ive ly 
corre la ted w i t h l i c h e n coverage (r = 0.69) . T h e 
supe r imposed api parameters, hardness a n d t h i c k -
ness, s h o w relat ionships to b o t h overs torey a n d 
Cladina abundance (F ig . 1). V e r t i c a l api hardness 
was better cor re la ted to the c a n o p y o r d i n a t i o n axis 
(r = 0.67) , h o w e v e r , than was total thickness (r = 
0.38) . 
Discussion 
S n o w c o v e r is i n f l u e n c e d by the type and densi ty o f 
the trees above it , a re la t ionship w h i c h has b e e n 
w i d e l y d o c u m e n t e d (e.g., B u n n e l l et al., 1985) . I n 
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Fig. 1. M a x i m u m total thickness and vertical hardness o f 
api superimposed on a scattergram o f l ichen 
(Cladina spp.) abundance and the first principal 
component o f canopy species. Jack pine c o m m u -
nities tend to the right, mixed spruce/fir/aspen 
communities to the left. 
general, greater coniferous cover reduces api t h i c k -
ness by p r o v i d i n g greater s n o w in te rcep t ion and qali 
(Pruitt , 1957) fo rmat ion . It reduces the surface ha rd-
ness t h rough w i n d interference and shading o f the 
forest f loor ( B u n n e l l et ai, 1985). 
In this study, the re la t ion be tween m a x i m u m 
thickness o f snow cover and j a c k p ine abundance was 
counter to this general t rend and, in i t ia l ly , appears 
coun te r - in tu i t ive . T h e result may stem f rom the l o w 
sample size, bu t I offer 2 further, tentative explanat i -
ons. First, the f o r m o f the j a c k p ine - api relationship 
may not be strictly l inear across the ful l range o f j a c k 
pine densities. T h e extent o f densities studied here 
(approx. 0.5 - 1.0 x 10 3 stems-ha'1) was w e l l b e l o w 
that i n younge r (37-year-old) stands i n the study area 
(approx. 2.5 - 3.5 x 10 3 stems-ha - 1 [Schaefer, u n p u b l . 
data]). S u c h dense, in termediate-aged stands, alt-
h o u g h not used b y w o o d l a n d car ibou , appeared o n 
cursory inspec t ion to have th inner snow cover than 
o l d - g r o w t h communi t i e s . Coverage o f Cladina spp., 
howeve r , was similar (Schaefer & Prui t t , 1991). 
Second , and perhaps m o r e fundamental to o u r 
understanding, is that the relationships o u t l i n e d here 
are p robab ly scale-dependent. Resul ts f r o m m a n y 
ecologica l studies ( rev iewed b y W i e n s , 1989) suggest 
that such correlations may depend o n scale, i .e. , the 
size o f the sampl ing un i t and the extent o f sampl ing 
chosen by the investigator. Schaefer & Mess ie r 
(1995), for example, f o u n d that correlations be tween 
arctic vegetat ion and snow cover (upsik) appeared 
stronger w h e n larger sampl ing units were used i n 
analysis. In this l ight , the posi t ive association o f j a c k 
p ine and api may be counter to expectations o n l y at 
the finer, micros i te leve l . T h e extent o f sampl ing for 
vegetat ion i n this study was at the 'stand' leve l ; i .e., I 
used a potent ia l sampl ing area o f 50 x 100 m at each 
site. A t this scale, the increasing amoun t o f j a c k p ine 
at the expense o f other species may be indicat ive o f a 
relat ively m o r e o p e n canopy. 
LaPerr ie re & Len t (1977) have no ted a h i e ra rch i -
cal nature o f habitat select ion b y car ibou: animals first 
choose regional areas (such as a watershed), feeding 
areas (such as an outcrop) , and finally a crater site 
(such as a l i c h e n patch). T h i s suggests that the present 
study o f range relations has impl ica t ions for the fee-
d i n g area l eve l o f habitat selection, bu t may no t v a l i d -
l y be extrapolated to h igher or l o w e r scales. In gene-
ral, there is a need for studies o f h o w scale affects the 
interpretat ion o f eco logica l phenomena . See W i e n s 
(1989) for an excellent discussion o n spatial scaling i n 
ecology. 
Nonetheless , the present results are i n agreement 
w i t h previous reports that tree species differ i n their 
efficacy at al tering snow cover ( B u n n e l l et ah, 1985). 
In the study area, balsam fir appears to be the most 
effective species at p r o v i d i n g favourable api for 
Rangijer. T h i s accords w i t h the findings o f L u l l & 
R u s h m o r e (1961, i n B u n n e l l et at, 1985: 323) w h o 
found that balsam fir in tercepted a relatively h i g h 
p r o p o r t i o n i n snow. 
Y e t , interestingly, those habitats domina t ed b y fir 
also conta in a pauci ty o f Cladina l ichens as w e l l as 
other w i n t e r forages for w o o d l a n d ca r ibou (Schaefer, 
1988; Schaefer & Prui t t , 1991). Jack p ine c o m m u n i t i -
es i n o l d - g r o w t h c o n d i t i o n had abundant l i c h e n 
(Cladina spp.) but m o r e severe api condi t ions . T h i s is 
consistent w i t h Stevenson & Hatler 's (1985) general i -
sation that, for ca r ibou , a t rade-off exists be tween 
snow cover and forage abundance. 
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H o w d o w o o d l a n d c a r i b o u deal w i t h such a 
energet ic c o m p r o m i s e ? P r e v i o u s invest igat ions 
(Prui t t , 1959; B e r g e r u d , 1974) have i n d i c a t e d that 
c a r i b o u select feed ing sites p r i m a r i l y for abundance 
o f forage, secondar i ly for sui tabi l i ty o f n i v a l c o n d i t i -
ons. D u r i n g 1 9 8 4 - 8 6 , A i k e n s c a r i b o u e x h i b i t e d 
s imi la r b e h a v i o u r . W i n t e r ac t iv i ty as measured b y 
travel , f eed ing sites, a n d pel le t groups was s ign i f i -
cant ly s k e w e d towards j a c k p i n e habitats w h i l e 
m i x e d c o m m u n i t i e s w e r e a v o i d e d (Schaefer & 
Pru i t t , 1991) . T h e s e results i m p l y that added inves t -
m e n t o f c ra te r ing a n d t r ave l l ing o n harder, t h i c k e r 
api (Fancy & W h i t e , 1985; 1987) was adequately 
compensa ted b y the r i che r l i c h e n mat . C o n v e r s e l y , 
O u e l l e t et a l . (1993) suggested that c a r i b o u (R. t. 
groenlandicus) o n S o u t h a m p t o n Island fai led to 
e x p l o i t the mos t l i c h e n - r i c h habitats because o f h i g -
he r s n o w a c c u m u l a t i o n , a l t h o u g h they r epo r t ed 
o n l y w e a k corre la t ions o f l i c h e n biomass and h a r d -
ness o f ups ik . 
T h e results m a y carry i m p l i c a t i o n s for the m a n a -
gemen t o f w o o d l a n d c a r i b o u habitat . I n par t icular , 
because o f the in f luence o f trees o n s n o w cover , 
a l tera t ion o f the c a n o p y b y fire o r l o g g i n g m a y i n d i -
rec t ly affect the w i n t e r fo rag ing b e h a v i o u r o f c a r i -
b o u . L o g g i n g operat ions , for instance, m a y have 
o n l y neg l ig ib l e effects o n the biomass o f Cladina 
l i chens (Harr is , 1992) , bu t r e m o v a l o f the c a n o p y 
b y l o g g i n g can result i n t h i c k e r a n d denser api 
( K i r c h o f F & S c h o e n , 1987; S c h w a b et al, 1987) 
and , inferent ia l ly , greater energy costs for fo rag ing 
c a r i b o u . I n the study area, Schaefer & P r u i t t (1991) 
f o u n d that api hardness a n d thickness w e r e substan-
t ia l ly greater i n b u r n e d (i.e., 5 -year -o ld) than i n 
o l d - g r o w t h stands, even t h o u g h m u c h Cladina 
l i c h e n r e m a i n e d intact w i t h i n the b u r n . 
T h e results here suggest an energet ic c o m p r o -
mise for c a r i b o u w h i l e fo rag ing for Cladina l i chens 
d u r i n g w i n t e r . F u r t h e r d o c u m e n t a t i o n o f the re la t i -
onsh ip b e t w e e n forages and s n o w m a y i m p r o v e o u r 
unders tand ing o f c a r i b o u forag ing b e h a v i o u r a n d 
managemen t o f the i r habitat. 
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